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Technology Area 01: Launch Propulsion Systems Technology Area Strategic Roadmap (TASR).
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Technology Area 02: [n Space Propulsion Technology Area Strategic Roadmap (TASR)

Technology Roadmap: In Space Propulsion
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National Aeronautics and Space Administration

Technology Area 03: Space Power and Energy Storage Roadmap

MISSION APPLICATIONS: :
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- Emphasis 2015 2020 2025 2030
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Technology Area 04: Robotics, Iele-Robotics and Autonomous Systems Technology Area Strategic Roadmap (TASR)

Faobotics, Tele-Robaotics and
Autonomous SystemsREoadmap
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National Aeronautics and Space Administration

Technology Area 05: Communication and Navigation Systems Technology Area Strategic Roadmap (TASR)
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National Aeronautics and Space Administration

Technology Area 06: Human Health, Life Support and Habitation Systems Roadmap

Human Health, Life Support, & [
Habitation Systems ISS Ops Extended ISS Ops *

+ Near-Earth Human Missions ' Orbital Missions ~
(ISS, LEO, HEO) " *—-* | i *
mm m SS Suit Re-cert or up. rade
« D Spa Missions CO el"CIa| CI"eW Demo “ g

* Airspace Systems Commercial Passenger Access to LEO * Commercial Passenger Access to HEO *
+ Integrated Systems Research

Scout 1 A | Ascout2 Ascout 3 Al Scouta Crewed Mars Orbit / Phobos Crewed Mars Surface
« HEFT Assumptions Test HEO Crewed HEO
* Robotic Precursor Missions crv A A Crewed NEO/NEA A crewsd NEO Crewed Mars orbit /A
* Human Space Missions FTD3 Infl Mod Flagship A——>AAdV. ECLS /- MMSEY A Scout 5
. 50% recovery Integrated ECLS Integrated ECLS Augmented Hybrid Augmented Hybrid
Environmental A i . o aug X W sugms Integrated ECLS &
) 75% 02 recovely & variable 100% 02 recovery 02 el Primary Hybrid food roduction'
Control and Life cabin pressure control [ECOVE[ylaUBMENEEARW//CIOPS P
15-20% H20 recovery 50% H20 recovery 98_% H20 recovery|(cond, 98% H20 recovery augmented |
Suppor‘t Systems & A(cond, urine) (cond, urine, hyg) urine, hyg, laundry,| waste) w/biological systems 02 recovery >95% from crops
o a P o 98% H20 recovery principally
. Waste Stabilization & Capability for H20 . toar . ANl
-Ijlﬁag!;l;?zﬂ.gn Systems A Full waste disposal volume reduction eS0Ty fram hste Waste mineralization provided by biological systems
S Watel Recover vik Matingenent Long-wear clothing Reusable clothing >95% waste resource recovery
. o . ; Ik food production systems &
Waste Management 50% reduction food TA07 -|Food Prod. Food augmentation * i i Bilkto 2 :
* Habitation packaging )/ A w/plantg k TAO7 - Bulk food processing EuleRicHE IRRIEE DR
Radiation _ Characterize Hab Rad. Environment #§f BCM Pharmaceutical interaction model/toolJk
A:/:g ::lﬂon AfsUte '},a‘i'am" ‘k Radiation_Lifespan models |k Predictive systems biology model| ; . Valklate EyniE [ Be tE Tt ‘k?ocolsll:(iltnd|V|duall3 s:nnssmwty )
‘R kModel . " tem ce
. ) e e e ‘k NSRL model testing thru 2030“ BCM Efficacy ModeIsA A replacement toolkit*
+ Risk Assessment Modeling
- Radiation Mitigation 4‘ TA12 -Multi —functional Materials/Structure & Mass Efficient Shielding J{
* P i o . . . P .
. s;gtczc\tllv?atst‘:::e;?:dicﬁon Alntegrated Radiation Analysis & Design Tool *H|gh Reliability SPE Forecasting SPE onset prediction*
« Monitoring Technology AAPE 'Warning System AOnset Prediction A Weather Data Streams
Forecasting )
.Personal Crew Incremental improvements: mass, power, fidelity .Advanced Dosimetry & Measurement
osimeter i e . Incre mental improvements: miniaturization, low power, neutron spectral characterization
Spacecraft Radiation Monitoring & Warning ‘
i Fire Detecti Develop distri f clean-up fi i
5{(\)\: :'&r:mgntal‘ S:::pr:s;on;)nl A Low GIFire SiEnatiire Ass essment A evelop distributed test of ¢ eﬂup re detection systeAm procedures ’Test S e
Recovery 4 o
safety & * Sensors Microbial detection & ID on ISS. *Air, Air-borne particle, TOCA monitoring test *m%xrfifoiﬂfgrgt;g&fn"
¢ Protecti
Emel"gency Clrot:i ng‘;e Real-time Particle Monitoring . .Portable air & respirator
Breathin
Response Rt MO0 Integrated Regen. System ([ ¥ Microbial remediation on ISS
Extravehicular Initial Human-suit modelk Uograd E‘;‘:SZV;“’"‘ oniss #ff model validation iy Regenerable CO2/humidity demo <& TAO7 - Human to Telerobotic System Demo
pgrade
. ) 4 TA12 - Adv.
ACt“"ty SyStemS Adv. Suit Material 'Sult-Seat C Suit Materials *Adv. Suit materials, helmetdisplay, & *PLSS w/zero consumables, multifunctional suit
* Pressure Garment Candidate Testing * PAS w/high sp battery Demo closed-loop heat rejection demo materials, & PAS for autonomous crew demo
* PLSS e i
e ‘& Subsystem mini-electronics & et P o -
* PAS Regn. CO2/humidity control Sk k Varia‘lﬁe set point 02 regulator R s 7K On-suit power generation
Condition Specifi Drug delivery & Bio .
H uman Health & 'S::Jrgelni?lg PECTIE .sam%le anaerVSis *VR Holodeck #‘207- VR Training * TAO7- VR Training
. - Autonomous Health . . Genomic/Proteomic Screening
Performance Wessabls corputing/Blome] Sencors g Monitoring/Integ. Bioinformatics WF 3 Surgical Suite ~c TAOA - Medical Assist Robotics
+ Medical Diagnosis/Prognosis Next Gen. UItrasound. Monitor/treat Ultrasound >. >*f-MRI H*ComprehensiveScanner (full-body, 3D)
* Long-Duration Health Pluripotent cells tool kit* *Pluripotent cell anti-radiation therapies
« Behavioral Health A\ Bxercise Equipment 48 Integrated exercise countermeasures
° (AL FEHGEes (4 et iariie Alt. non-exercise countermeasures
Regular Biosentinel flights >4 TAO7 - Artificial Gravity J TAO7 = Int. Artficil
Artificial Gravity Prescription Dev. Flight Demo (] Gravity in LEO
HSI Scorecard‘ Virtual Therapist* .Human-Robotic Interface Demo

A\ Technology Pull & Technology Push . Ground Demo 'Push Ground Demo * Flight Demo *Push Flight Demo /\ Assumed Mission ‘f( Cross-cutting Technology
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National Aeronautics and Space Administration

Technology Area 07: Human Exploration Destination Systems Level-1 Technology Area Strategic Roadmap

‘ TA7 Human Exploration
Destination Systems
m- Near-Earth Human Missions

* Deep Space Missions

*HEFT DRM
» Robotic Precursor Missions
* Human Space Missions

« Earth, Planetary, Astrophysic
& Heliophysics Science

& Integrated Systems Resea

Push Mission DPevelopment of Space

or- * LEO Space Transport
C?pablllty « Commercialization, Industry,
Milestones

& Entertainment

* Fundamental Aeronautics, Airspace
Systems, Aviation Safety, Aeronautics Tegbmmercial Pas

(Phobos HSF|

[1ss ]

FIsS Robotic Ser. Y 1SS Robotic Constr. Dem
(ISS, LEO, HEOA ISS Human Research * HSF Autonomous Ops

* HSF Remote Ops

ISS Autonomous Ops

NEO Precursor Mars Lander /. Crewed HEO Crewed NEO Human Mars ISRU Crewed
Cryo Depot Flagship /\ Test HEO HEO Utility 2 A Crewed NEO/NEA Return Prop PIantA Mars Orbit
xPRM lunar lander MMISEV A ISRU Prop to Depot i Crewed Mars Orbit/Phobos |
Infl Mod Flagship A EDL Flagship /. 1y ! ! HEO Utility 1 wars ISRU Demo Crewed Mars ISurfaceA
. . 1
s y E Satellite Serxch |v|: > ‘Mars SR | | Mars Plane A Mars Drill I‘ E
ars TGO, ExoMars-1 A olvia ! A Asteroid | Mars Sample Return Venus,SR
! : Comet Nuc ! Venus Surface i

* Air Breathing Hypersonic Vehicle !
Commercial Passenger Access :to HEQ
Legend | i
b Color Denotes NASA MD
e TA7 Co[or/Shap('v:' Push/Pull
7Y Technology Pull
i\( Technology Push

i Next-GEN ETO Vehicle *i Super-Sonic Vehitle

$enger Access to LEO
1

f
I
1
1
1
1
1
]
I
1
I
il 1

1
*: Planetary Atmospheri¢ Entry Systems

x

1
rch :
1 1
27d-Gen LEO Research Lal':)oratory* '

1
LEQ Récreation & Touri
1

LEO Artificial Gravity

Research Facility
Human Deep Water Destination

HEO Space Port

1
1
*LEO Artificial Gravity Demo ;
1
sm Facility* LEO Academic Facility
1
LEO Industl‘:ial Facilities LEO Space

I

1

I
Part

Note: Below are selected capability milestones from Level-2 roadmaps.

- Destination Reconnaissance,
Prospecting, & Mapping

7.1 In-Situ

- Resource Acquisition
Re_s.our.ce - Consumables Production
Utilization | Manufacturing &

Infrastructure Emplacement

- Logistics Systems

> Maintenance
Systems

7.2 Sustainability
& Supportability

* Repair Systems

» EVA Mobility

7.3 “Advanced”
Human Mobility

- Surface Mobility

Systems - Off-Surface Mobility
7.4 “Advanced’’| Integrated Habitat
Habitat Systems
Systems « Habitat Evolution

» Crew Training
* Environmental Protection

7.5 Mission

Operations |- Remote Mission
& Safety Operations
* Planetary Safety
7.6 Cross- | Modeling, Simulations, &
Cutti Dest. Characterization
u Ing » Construction & Assembly
Systems - Dust Prev. & Mitigation

1
]

g'eotech. Char.
1

i
* Mars gageous &

Large scale exc. |

1
I
Geotechnlical Char.
Atm. acq. ) | |
Lunar props

1
A for depot
Mars ISRU,demo

Drills for ext.
conds.

1
1
* Mars ISRU for SR
1
1

Roads, pads, rad. shield

Feedstock preparation

[}
:
1
]
]
1
|
]
]
|
High capacity atm. ac !
]

1
1
1
1
1
ﬂq

P

Mars Full-Scale Mars ISRU for Crew Return|
1

Advanced shelters, k:omplex

Lunar ISRU demo

Shelters, tunnels, in-situ parts parts
; 1
Sustainable Technologies: Surface Prop/Consumable

Depot, Contactless Power Transfer, In-Situ Fab NDE X
1

Prqduction, Trash recycling, System
Commonality

1
Mars Surface Lzl)g'istics System Demo:
_______________ " Propellant Scavehging and Storage, & Food

Production

Repairable
Materials

1
[}
Mars Surface Contamination :

Repair Processes Control Technologies

A Automated payload offloading
mance

A

Block-2 Fabrics & Outfitting

Human-2-telerobotic system DEMO
A EVA Tools Integrated suit DEMO: Taxi subsystem
DEMO: Powered Exoskeleton
DEMO: MMU System Test
Automated docking mechanisms

High pressure

02 for rovers - *Rover lifetime & perfor

A DEMO: Decelerator tech
Flight DEMO Suitport/suitlock *

EVA tools & aids Hopper/Nav DEMO— A Demo: Atmospheric Flyer

Block-1 Fabrics & Outfitting Block-3 Fabrics & Outfitting Block-4 Fabrics & Outfitting

Block-3 DSH & SMART Hab
* AG flight demo

Block-1 DSH & SMART Hab Block-2 DSH & SMART Hab

Block-4 DSH & SMART Hab

AG Tension cables, rotating joints* AG rotating joint power transfer*

Integrated AG test in LEO

Crew training is ongoing whether it be for forthcoming ISS increments, future commercial vehicle, geological training, etc.

A demonstrate "cave" ability in FTD3 Block-1 Virtual Reality Training Block-2 Virtual Reality Training
* Begin prep for NEA mission 7 ESMD will need to develop in concert with SOMD; further refinement of techniques
* developed for HST & ISS work but, for gmall planetary bodies
A MSL A ExoMars 1 A ExoMars 2 * MSR sometime aftelozo * ::t:t:gisdresembles primitive D-type
Mars ISRU Sys * Human-Data NEO Model Tool Human-Data Manipulation for atmospheres
Model Tool Manip. for NEOs NEO HMU Simulator

Block 2: Full Base

Block 2 Deployable
Construction

Structures

Block 1: Initial
Basic Construction

Block 1 Deployable Structures

Mitigation for Crewed NEO
Mitigation for Mars ISRU Prop Plant

Mitigation for robotic

Mitigation for
rovers & power‘

ISRU Prop Plant Mitigation for Crewed Mars
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National Aeronautics and Space Administration

Technology Area 08: SIOSS #8 Technology Area Strategic Roadmap

Astrophysics » WFIRST 2 SPICA/I1XQ oA 3 |XO /New World /
@ HysplRI P SEPAT Inﬁmon
§ | Earth Science 3> ASCENDE —> LIST
s - > Human TEPC Observatory Push Tech
@ | Helophysics SEPAT r
= > DIS 13/14 & NFAl4 A
Planetary > Mprs018 -—%E$M Mars Sample Katum
Large Format Arrays
8.1.1 Detectors/ Mylti-spectral, 10k x 10k * ]
2
p § [ o I A b ol O A B .
< § 8.1.2 Electronics ASIC 55krat Eﬁii.
- :E @| 8.1.3 Optical Adva S cor
e 'Wﬁlll-
E S| 8.1.4 Micro/Radio
® ‘| Trans./Rec. OW ;,.
- ARL 1.6 or 2 micron 4 freq. lsod n t EnargyiRap rate/ WPE/Laser Lffetithe)
— T
8.1.6 Cryocoolers S
8.2.1 Mi b I-..
E 2.1 Mirrors arcsec < 1 arc sec; 12 m primary mirror*
- V Qoatin . 15 to 30 m class primary mirror*
© Antenna : Y
é 8.2.3 Distributed 2toB :
Aperture apecre or Interferometer or X-Ie
£ 2| 8.3.1 Particle, Fields &
- § 8 Waves
5 ES
ﬁéaw 832|n-8itu l"fﬂdl’i" "' - &x’er A .-I:. -t IO A Crvyn nresarvalinn:®
= E Bl 10 res XRF; mineral detection < 1wt% sitivi SEMima ‘IOnmros
= ®

2010 2015 2020 2025

T = A\ Technology Push

DRAFT 9

. Major Decision A Major Event / Accomplishment / Milestone




National Aeronautics and Space Administration

Technology Area 09: Entry, Descent, and Landing Technology Area Strategic Roadmap (TASR)

4. Pullto TRL 6/ Further Push Technologies 4. Pullto TRL 6/ Further Push Technologies

A Extensive Push/Gamechanging Technologies

Cross Capabilities

A Extensive Push/Gamechanging Technologies

Capabilities Roadmap: EDL Capabilities Roadmap: EDL

2010 2015 2020 2020 2025 2030
. xPRM jypervelocity Earth Return Crewed NEO missi POR for Human Mars Surface Missi ;
Exploration Crew LEO -EDL, s K Mirsiechreor gemu (NEG ission quany w/ Earth EDL y A”:fsf’;"f - A @ Exploration
ownmass g e L Saturn probe:
NF —Lunar / Asteroid Sample Return = p XPRM w /20 t P/L “
W e Science MSL EDL (Mars arridl) NE Hinirj AseroideampleRetum |0 e ——= MSR Orbiter w/.FElh of Venus Lan BE -G/ ool 0 A Science
M ISSIon/Capabil |ties or Venu s Lang a0 e ARG EEsmsmsmsses=mmsm——— OF Venus Lan fors ====ne== Titan lande|
Aeronautics BB Semple (s = Netlanders pa2 Aeronautics
Heavy Li
9.1 Entry AR Retm o & Mission Tailored — 9.1 Entry
LEO Return TFSA In-Situ Repair A Ext. EnVETPS A Dual-Pulse TPSA Integrated MMOD A Exploration Mars TPS High T WLE Mat. Abl. Family
9.1.1 Rigid Thermal Protection Systems S Graded Ablator 4 Heritage CP 4 o= ot Ab o Resp. C:’;;"g:;":" A\Radiation RN TPS  Smart Ablators 4. 9.1.1 Rigid Thermal Protection Systems
i High Fidelity Response /) Henfeinli & / A i Rieidizable TPS A Multifunctional Tps i
. ' 20Wiem2Ins. 4 a0w/em2ins. 4 100 W/cm2 Ins@ Low Cat. Coating A 400 W/em2 Abl. 4 9.1.2 Flexible Th o Crtection = TPS
9.1.2 Flexible Thermal Protection Systems sowjem2 A4 150 W/ern2 Ab A Conformal Abl. Muttfunctional 4 9-1- lexible Thermal Protection Systems (TPS)
. . Alt.Mars BB 4 Aero Control 4 Reliable SRC NEO Return Cap. Integrated Struc. 4 Adv. Comp. Struc 4 On-Orbit Asmb: i .
9.1.3 Rigid Hypersonic Decelerators ML ot ObL g 4 & A Low Cost Mini Proae Mid /D Flight Demo b A Mid L/D Scalab, 4, ol nerograviy ssist o, 9-1.3 Rigid Hypersonic Decelerators
20W e IR L 0D Control 4 HIAD Scalability (1t) & Adv Flex Structures Scalability (10t) 4, ili
. Scalability (40 i
9.1.4 Deployable Hypersonic Decelerators AConfig StV 0 p A Mech Deploy A Mech. Deploy Seal Ak . S oA 9.1.4 Deployable Hypersonic Decelerators
i e MEDLI Dern oTs Package 4, MMOD Sen. imp. IMU Star-Tracker 4, Wireless 1SHM 4 Ss_ec;rometer : s
9.1.5 Entry Instrumentation and Health Monitoring A Fonie package Non-Intrusive indow A\ Windowless Spect. A Adv.isHM 9.1.5 Entry Instrumentation and Health Monitoring
Recession i i
. - : Defined Aero U A Adv. Fluxe S Mars Rad. iah Earth Rad. - Giant Planet Rad. Design Bolt: Design DN: Gridless . o §

9.1.6 Entry Modeling and Simulation hedpe Al i TA)™ o AGLES At Tpmmi  Argconing (A8 pes Design Tools Fuly Integrated A eaniog 4] ¢me=[&) 9.1.6 Entry Modeling and Simulation

9.2 Descent
9.2.1 Attached Deployable Decelerators
9.2.2 Trailing Deployable Decelerators
9.2.3 Supersonic Retropropulsion
9.2.4 Guidance, Navigation, & Control Sensors
9.2.5 Descent Modeling & Simulation
9.3 Landing
9.3.1 Touchdown Systems
9.3.2 Egress and Deployment
9.3.3 Landing Propulsion Systems
9.3.4 Large Body Guidance, Navigation, and Control
9.3.5 Small Body Systems
9.3.6 Landing Modeling and Simulation
9.4 Systems Technology
2.4.1 Architecture Studies
2.4.2 Separation Systems
2.4.3 Systems Integration and Analyses

2.4.4 Atmospheric and Surface Characterization

Controlled Drag Mod.
Lg. Scale SIAD Flt.

Devices
Mech. Deploy Advanced Textiles &
S b 7 s Cont, Drag Modul. 4 Mechanical Deploy. /A h
g stoonicatute o A A Sipeonl Cte Trailing 1AD 4
SRP Hot Fire SRP flowfield modulation i
i A A Sensors & Control i,  Scalability Demo mid L/D System 4,

Feasibility test
Adv. Event Triggers &
Algorithms A

tatic FSI
Imp. Wake Model A@ e Comp. Dynamic Aei

FSI Valid. Datase@ Dynamic FS@

Extreme Terrain System
Anchoring System 44

Crewed Mars Concept 4, 10tLanding Gear High G System

Crewed Mars Concept /& Ultra Lightweight Egress £

Terrain Computer Plume/Soil Int. (10t) &

Terrai cking / Hazard Detection i :
Adaptive/Reconfigurable
Terrain & Hazard Sensors &, @ Contiol A
Safe Approac
Touch & Go 4 M A\ Approach Simulation Grappling £
Malidated Multibody Skycrane Validated Ground surface /plume Aﬁmund surface /plume

dynamics simulation ALHAT Simulation interaction models interaction models

DRM Update DRM Update /4

Risk Characterizatior Landed Mass Risk Characterization Landed Mass
Studh Requirements Study A- A Require!

Update ments Update 4.

jes 4 Tech.Downselect £ | : - Sub-scale Fight 4 A
Technology Studies 4, T@ 4_be Deployment Tests A - e A
Design DownseleESA Micro-Vehicle FlightApemonstmﬁonsjk A" Scaled Flight Demonstrations 4, “* Simulah@ EDL Systems @
technology Stidics | b e Capabil Design Study
Mars GRAM and Mars Atmos Dust  Mars Onboard Wind Inst.
Mesescale updates (MSL) Landing Sensor Packagal, Acharctarizaﬁnn (Orbiter) Rbata Fusionf,

A\ steerable Guided Marphing Decel. A%

921
Adv. Sensors and
Algorithms. Deep Throttle 922
High Thrust Eng.

Flowfield Modulation b M HP & 9o 3

Adv. Orbiter
Weather Mon. 9'24
4\ Trailing Dev. Fs1 Atm. Char, Probes 4 Dist. Weather Sta. K Onboard Wind Inst. 925

Buouyant System A4 /&, 20t Landing Gear

Plume/Soll Int. (401) 4

Risk Characterization A Landed Mass Risk Characterization
Requires

DRM Update /5

Update ments Update
5000 kg scale Flight ~20000 kg scale Flight
Demonstrations A Demonstrations
A Mars Aerocapture 5000 kg Payload Integrated A ~20000 kg Payload Integrated A

Demo EDL Mars Demo EDL Mars Demo 1

Atm. Char. Probedh, Dist. Weather Sta. 4 A\ Adv. Orbiter

Weather Mon.

Update A Regquirements Update A

S0+t Landing Gear A ce Feature System A\ Q.31
932
9.33
9.3.4
9.35
9.3.6

Human Mars System £,

Deep Throttleable Eng. A

Landed M.
ToR s DRM Update 45

Human
~20000 kg Payload Integrated Mars
EDL Mars Demo 1 '&” MCR ‘&

243

Onboard Wind Inst. Z-

9.2 Descent

Attached Deployable Decelerators
Trailing Deployable Decelerators
Supersonic Retropropulsion

Guidance, Navigation, & Control Sensors
Descent Device Modeling & Simulation

9.3 Landing

Touchdown Systems

Egress and Deployment

Landing Propulsion Systems

Large Body Guidance, Navigation, and Control
Small Body Systems

Landing Modeling and Simulation

9.4 Systems Technology

2.4.1 Architecture Studies

2.4.2 Separation Systems

Systems Integration and Analyses

Atmospheric and Surface Characterization

DRAFT

10



National Aeronautics and Space Administration

Technology Area 10: Nanotechnology Technology Area Strategic Roadmap (TASR)

C b I t A 30% lighter, low permeability composite AEfficient EVA operations (1,5, 6, 7,8,9, 12,14 18,19, 27, 28, 29, 32, 51, 52, 58, 62, 63, 67-70, 72, 73) AAstronaut health mgmt (9, 19, 58,62, 65, 68, 70)
apabnliities cryotanks (1,2,5,6,10, 11, 12, 14, 15,18) ADamage tolerant habitats (2,8,11,14,15, 18, 51, 68,69) Adaptive Gossamer structures (2, 8, 9, 10, 11, 44, 4¢, 55, 69)
4 Launch pad safety monitoring (58) 4 Pico/Femto sats 430% lighter damage tolerant structures (1,2,6,8,11,12,16, 17, 18, 63, 69) A Integrated rad shielding/TPS (1, 2,5,11, 12, 13, 14, 16, 17, 18, 20, 21, 43, 51, 53, 68, 69 )
(1,3,5,6,7,8,11,12,27,28,29,30, _AExtreme environment operations (2, 3, 5, 11, 13, 16, “Smart” airframe and propulsion structures (1,2, 4, 7,9, 10, 11, 12, 14, 16, 16,
45, 48, 49, 59-66) 17, 28, 35, 47, 49, 51, 53, 62, 69, 71, 72, 73)

2010 2015 2020 2025 2030
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National Aeronautics and Space Administration

Technology Area 11: Modeling, Simulation, Information Technology and Processing Technology Area Strategic Roadmap (TASR).

AA A A
A AMSLAGraII A o A A EVA Demo A A A A

Mars-20
HINODE GPM ICESit 1l DESDynl Mars-22 Mars-24 Mars-26 Mars-28 Mars-30

Mars Medical A (MSR) (MSR)

Aquarius LDCM A
A Suite Demo
A JWST Perf. Health A Jupiter/Saturn

STEREO Tech. Demo Flagship
0 a NPOESS ASCENDSA A
NASA Space Missions ‘ Lunar-3
IBEX | A A ‘ Lunar-1 Lunar-2
A SHARP 0CO-2 0CO-3 Robotic
NPP A Precursor A A A
A Missions | MAX-C OPFM Titan Aerobot Europa Lander
HysplIRI
A oo AAA| A A A
SDO A FTD-1 FTD-2 FTD-3 FTD-4 FTD-5 A Venus Lander

A Commercial DRM 1, 2B
Crew Demo Crewed (LEO)
ISS

> D
>

>

A A A A

. Memory Tech Eliminate the Multi-core Quantum
1 1 1 Com utin System Software for i A . v i !
° p g Multi-fore Corbputing Selection Programmability Gap Computing
RHBD Architecture

A A A A A

11.2 Modelin System Engineering _code generation A A . A Formal Analysis A
0 g Tools & Standards So.ft.wal.'e Complexity Cross-regional And Traceability Model-Based
Verification Analysis Tools Human-System Cross-scale  Coupling |Integrated . o qts & Design

Algorithms Perf Models Coupling Model V&V Executive

A A
A A A A Remote Sim-Based

1 ] Asynchronous . .
1 1 * 3 SI mu I ation Distributed Agent-Based Simulation to Full-Mission NASA Digital Training and Support
OCAMS Simulation Implementation Simulation Twin

11.4 Information Processing )th A A A A A A

Collaborative o Integrated Semantic “Big Data” V&V Adaptive
AMISS Sci & Eng Distributed Technologies Solutions Systems
Mission Ops
CoFR
2010 2015 2020 2025 2030
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National Aeronautics and Space Administration

Technology Area 12: Materials, Structures, Mechanical Systems, Manufacturing and Cross Cutting Strategic Roadmap

Capabilities Roadmap: Materials, Structures,
Mechanical Systems and Manufacturing

2010

2015

A\, Pullto TRL 6 / Further Push Technologies

Push/Game-ct

Cross Capabilities

ging Tech

2020

Radiation
Capabilities Selected Exploration WFIRST LEO Access Propellant Depot Protection NEO/Mars Precursor Heavy Lift
p Mission Science Explorer Augmentation LISA
Architectures Aeronautics N+1 N+2
2.1 Materials
. . Tailorable (spec. . . .
. . Non-autoclave Adv. P I Hierarchical Structures (PMC-
2.1.1 Lightweight Structure Composite > Hybrid Laminates A o ovh therm. Cond.) A ‘:wa;‘;fi:;"’"A A T

2.1.2 Computational Design A PMC Damage

Micro Design Models
Models

Environment (time

Physics-based Lamina
dependent degradation) *

Models

A A

* Molecular Design (PMC)

* Atomistic Design (Metals)

2025

Advanced In-Space Propulsion
X0

ﬂultifunctional Structural (healing, sensing, shielding

etc)

Physics Predictive Methods
Damage Modes

J—>k

2.1.3 Flexible Material Systems Expandable Habitat A\ Flex. EDL Materials * *Solar Sail Shape Morphing Materials * Adv. Expandable Materials A (:Doer;::t::l&r:t{ials
2.1.4 Environment Cryo-Insulators A\ A Ad. Ablator A\ Radiation/MMOD Protection A Scavenging Materials * A Advanced Insulstors A Ad. Refractory
2.1.5 Special Materials Optical Materials (windows) A\ Repair jals A Space Suits Impermei.ible PMC - | Autonomous Sensors T — Geriesiies
Al ptical Materials (windows| A Sensor Materials A Eslzlclfj:;jvteer A A solid Oxide Fuel Cells | Thin Films * High Temperature Electronics
2.2 Structures Composite Cryo Tanks B )
2.2.1 Lightweight Concepts Non-Autoclave Primary Struct. VN Y Compositefinflatzble Habitats A 52217211’2‘2ﬁirii‘,a‘y‘;f“s'°" irrors & A\ Landers/Habitats A Adaptive Structure
2.2.2 Design and Certification Methods Streamlined DAC Processes A ) Composite Allowables */ Jo  Highfidelity Response Simulation A S Virtua Digital Certiication A\ Landing N
2.2.3 Reliability and Sustainment Predictive Damage Methods 4, Life Extension, Prediction A\ * fﬂ?érzzm !rl:\-::‘t:\:lt;ljszteljs;al'kent * *In-situ Structural/Thermal Repair > *
2.2.4 Test Tools and Methods !E:tgs:ttj;"ag:; Usage A FuII-fie(I:onD_actoan»:«ac:tl;isition Full-field Model V&V* 2?;::&22;0};”“% * Testing for Virtual Digital Certification >
2.2.5 Innovative, Multifunctional Concepts Integrated Cryo tank A :\’;I";‘g;ted {non-pres) < A :,T,ti:iztfd Integrated MMOD/ Integrated Pres w/ e T S Integrated Adaptive

2.3 Mechanical Systems Restraint / Release Devices

2.3.1 Deployables, Docking and Interfaces

Common Universal Interchangeable Interfaces

Reusable Modular
Components

A \ A Deployment of Flex Materials

Radiation/Permeability Thermal Control

Large Lightweight Stiff Deployable
* Precision Structure Deploy Mechanism

A New Concepts

2.3.2 Mechanism Life Extension Systems Long Life Bearing/ Lube Systems A Cryo Long Life Actuators A\ P — LMa:‘;?:;i;:‘;f_‘;rﬂﬁ‘;:r::mo"
2.3.3 Electro-mechanical, Mechanical and Micromechanisms Robotic Assembly Tools/Interfaces A Cryogenic and Fluid Transfer A Active Landing Attenuation System A E'eerjosrsr;\ance Testing A
2.3.4 Design and Analysis Tools and Methods Kinematics & Rotor Dynamics Analyss 4 Precursor Flight High Rate Data for Design A\ i/ "errelated Corelated Analysis System
2.3.5 Reliability / Life Assessment / Health Monitoring (Rellzopn Eoviteament Buellly Teipiels) 1\ PO TN Sttt A\ Life Extension Prediction FcIntegrated Systems
2.3.6 Certification Methods Loads & Environments A Test Verified Physics A PANEERIN RS A\ Probabilistic Design *Digital Certification
2.4 Manufacturing PMC & MMC Processes In-space Assembly, Fabrication and Repair
2.4.1 Manufacturing Processes Metallic Processes A> CMC Processes * } 'S)frft"zic';’i':‘eﬂals
2.4.2 Intelligent Integrated Manufacturing and Cyber Physical Systems QlodehbesccupplE ol Aj ?:;:iﬁ;:‘,\::ﬁ“ A\ Advanced Robotics K Cyber Physical Systems
Virtual Process Conceptualization Photovoltaic

2.4.3 Electronics and Optics Manufacturing Process and Operation

2.4.4 Sustainable Manufacturing
2.5 Cross Cutting

NDE Complex Built-Up Structures

A

2.5.1 Nondestructive Evaluation and Sensors
2.5.2 Model-Based Certification and Sustainment Methods Physics-based design models *
Combined Environments

A

Test Validation A
Improved methods for Accurate Local and
Global loads and Environments

2.5.3 Loads and Environments

Affordability-driven Technologies

AOptics Fabrication A Special Elec. Process A Large Ultra-light Precision Optical Structures

*

Environmental

A Green Production
Technologies

* Advanced Energy Systems
Processes i

*Autonomous Inspection

*

A Mission Loads & Environments Monitoring

Computational NDE l Combined NDE and Structural Analysis '

Integrated Life-cycle

Strategies for Critical
y* Analytical Tools

Component Reliabilit:
A Design for Monitoring
Strategies

* Damage Prediction

Model-based

Operations

Real-time Comprehensive Diagnostics

Physics-Based Reliability Prediction Methods and Damage
Mitigation Processes for Virtual Fleet Leader

Autonomous In-flight Mitigation Strategies

* —> %k
* —> %
* —> %

2030

Space Platforms

N+3

Virtual
Digital
Fleet-
Leader

Virtual
Digital
Fleet-

Leader

Virtual
Digital
Fleet-
Leader

Virtual
Digital
Fleet-

Leader

Virtual
Digital
Fleet-
Leader
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National Aeronautics and Space Administration

Technology Area 13: Ground and Launch Systems Processing Technology Area Strategic Roadmap (TASR)

A A A A msA :
| FTD{ FTD2 FTD3 FTD4 A 2\ A M A A
- i CRYOSTAT ECLSS | DRM2A/3 DRM 2A,3 drM 28, 3 BRI
Key Assumptions ; onisS  CTV Uncrewed LED, Crewed DRM 1, 28 s : A
. . . = _ 3 LEO, HEO Crewed Crewed NEO NEO

NASA Space Missions 1SS Utilization A A A A orm2a  HEO Hurnr’llans to

{ p L ars
and Milestones XPRM-1 |xPRM-2 xPRM-3 xPRM-4 | DRWI - Crewdd HEO A

3 A A A A x Hufmans to NEO

| | | DRM 2B

xScout-1 | xScout-2 xScout-3 xScout-4 | xScout-5 Uricrewed HEO

A Al A A A |A A A A A
Ground  Ground/ GLTD GLTD GLTD GLTD Lty ko B LE ) JCULLG OB ST 5 17 A
Tech Demo = Launc (03/16) (09/17) (03/19) (09/20 ) Safety Sentinel”(3/75) subcooled prop  harvesting ‘
Key Investments and (03113)  Tech Demo ‘ Hgﬂzoﬂal 9r<|>1und » sta‘tiu:(s):eeTlta b
flegs Integrated prognostics 09/14 e AN assis A A
New Ca pabl lities ori FgIR patrr.lfil?der . ( A On-demand dynamic A Autonomous prognostics & ) e storage/transfer
autonomous cryo ops Intelligent freqpiency allocation | Remote FDléR S E P Sl proa ctlye alignment/
[ - : devices Mobile range hazardous Smart env safe env mitigation o G0 o
ISS Payload CoNNeCT safety center  |ops coating System (no waste)
Dens transfer, . {5 He capture/ Zero loss storage
psv coolng + inf\ AHe use reduction A E.. A recytl:’le i efficiency Recdgnfigurable
13.1 Human computer Rapid mate Psv cooling  Zero loss Flex xfer | \tvapt;r Dens transfer Hi eff modular propellant loadng
. interface pathfind umbilicals transfer line storage line ':_:';’i u‘:: act coolin transfer sys
Technolog ies to Zero loss storage c Virtual‘ Security protocols i A a ! 5 eyl T ity il W B reless power
Optim ize the NBP cryo grnd o Ground/range team Bionic claw A fomalad D= Onboard, “Lights Out” “Imbilica'?s
Auto generated procedures training positionin umbilicals At cooling simulat Comm & Cntrl

Operational Life-Cycle

and work instructio

transfer line

Auto reconfiguring

Adv planning  Myiti-core Autonomous Self ali t :
Ground/launch A planning sys il sA A i A L interfaces
process an alysiA star?da¥ lA Remote ops avionic Intelligent FDIR  systems during mate
Corrosion A::;spt;‘:\ing A Corrosion A A
resistan resistant . P
Env friendly materia Low waste Autonomous ~Haz waste Sadiies Non-toxic Corrosion
13.2 coatings scrubbers self healing :neutrallz.er waste streams free structures
Environmental Energy A e A A Autonomous
. A A garden Non-toxic N2 removal Non-toxic self healing
and Green Technologies P ERE R i RERMCINY'| Garby mdpiels chemicals striictires
detetci;tion mitr'ation A sequestratio Waste disposal L:u.nch energy
coatings coatings S S Gieen structures driven energy riven power

Software defined

On-demand dynamic
frequency allocatio

Blast/explasion resistant

Switchable conductive/

A

Reconfigurable

radios materials/structures dissipative materials launch pad
13.3 Integrated prognostics Intelligent A:It)‘l,lr!“l:trzznost - EMI, RF, laser
Techn Olog ies to R tincens Savicen for range sys Electromagnetic Adapti hielded systems Technology Legend
I Reliabilit autonomous cryo o . Automated launch assist aprt“’e = Ground Launch Tech Demo
ncrease n~eliapiil ; | AFDIRIprognostics i FRsN On-demand Needed for planned missions
S . y . IFe-0-phablc hardened for ground systems ot ekl communications A P
and Mission Avallablllty materials materials - | electronics/devices A Enhances planned missions
| — eléctronicd, strxs Intelligent network o gt cqnfiguring Q Dynamic/configurable A Enati o
topologies smart materials \ C&DH throughput nables new missions/types

(“push” technologies)

Remote hazardous ‘ Automated configuration
ops pathfinder of range assets

é High altitude Autonomous range
vehicle surveillance

Virtual rangﬁ‘

Tele-operated inspection ‘

13.4

Mobile range

Tech nologies to and servicing robot safety cent operations AGV “Seek and Grab”
SR Autonomous Remote measurement Autonomous pathfinder
Improve Mission Safety/ Ground basm haoasd n‘ of lightning potential “Safety|Sentinel”
vehicle surveill azarciouvsl 9 9 pathfinder

Mission Risk

Autonomous inspection
and servicing robot

2020

Autonomous UAV
surveillance

Autonomous vehicle/payload
fing/reconfiguration

2025

Remote vehicle
sensing at landi

2015

2010 2030
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National Aeronautics and Space Administration

Technology Area 14: Thermal Management Systems Technology Area Strategic Roadmap (TASR)

Major Milestones

Passive Thermal Control

Active Thermal Control

Integration

Cryogenic Systems

Heat Acquisition
Heat Transfer

Heat Rejection & Energy
Storage

Systems

Systems

4
Technology Push Mission Pull

2012 201 2014 2015 2016 2017 2018 2019 2020

0 Roboti(

Pre-Cursor

Jraeey Earth Return Dem

~- Jemonstration

Advanced Insulation A\

, Ground-to-Flight
Insulation Systems
Low Power & Temp _JA
Science Instrument
Coolers

20 K Cryo Coolers
(5wW capability) 20 K Cryo Coolers
(20 - 40 W

bility)
Deployable Cryo , capability)

Low Conductivity StrutS/“ Tank Shields

S Fluids ~

High Flux Cooling w/ A
Precise Temp Control

Adv Heat Pipes

Heat Pumps/Flow
Control

Variable Coatings

Evaporative Cooling Technologies
\ PCM

A Variable Heat Rejection
Radiator

4

‘ o
MegaWatt TCS Mat’ls MegaWatt TCS Components

Rigid Ablative TPS (>11 km/s}*\
“Obsolescence -Driven TPS
Ariatlc
Y Meklsable TPS

-~

In-Space TPS Repair
Plume Shield

»
Inflatable/Flexible/Deployable TPS!

2021 2022
X

struc. Integ. TPS

2023

Q Rentry Te:

_PS Test Flight

2024 2025 2026

Crew Transfer

Low Temp Radiators (< 90 -
K)

Cryo Thermal
Energy Storage 4

-

Ultra-lightweight/inflatable
radiators

2027 2028 2029 2030 2031

.

Deep Space Habital

-

ISRU Insulation Systems

Liquefaction
Cycles

System Integration for
MegaWatt/Nuclear TCS

\ Multi-Functional TPS

Self-Repairing TPS?

4
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TAO1

SYSTEMS

e LAUNCH
PROPULSION

* IN-SPACE

TA02 PROPULSION

TECHNOLOGIES

SoLib RocKET PROPULSION
SYSTEMS

Propellants

Case Materials

Nozzle Systems

Hybrid Rocket Propulsion
Systems

Fundamental Solid Propulsion
Technologies

Liquip RockeT PRoPULSION
SYSTEMS

LH,/LOX Based
RP/LOX Based
CH,/LOX Based
Detonation Wave Engines
(Closed Cycle)
Propellants

Fundamental Liquid
Propulsion Technologies

AIR BREATHING PROPULSION
SYSTEMS

TBCC

RBCC

Detonation Wave Engines
(Open Cycle)

Turbine Based Jet Engines
(Flyback Boosters)
Ramjet/Scramjet Engines
(Accelerators)
Deeply-cooled Air Cycles
Air Collection &
Enrichment System
Fundamental Air Breathing
Propulsion Technologies

ANCILLARY PROPULSION
SYSTEMS

Auxiliary Control Systems
Main Propulsion Systems
(Excluding Engines)

Launch Abort Systems

Thrust Vector Control Systems
Health Management &
Sensors

Pyro & Separation Systems
Fundamental Ancillary
Propulsion Technologies

UNCONVENTIONAL / OTHER
PropPuLSION SysTEMS

Ground Launch Assist

Air Launch / Drop Systems
Space Tether Assist
Beamed Energy / Energy
Addition

Nuclear

High Energy Density
Materials/Propellants

CHEMICAL PropuLSION
Liquid Storable
Liquid Cryogenic
Gels

Solid

Hybrid

Cold Gas/Warm Gas
Micro-propulsion
NonN-CHemicAL PrRopPULSION
L]

L]

Electric Propulsion
Solar Sail Propulsion
Thermal Propulsion
o Tether Propulsion
Abvanceb (TRL <3) PropuLsioN
TECHNOLOGIES
o Beamed Energy Propulsion
Electric Sail Propulsion
o Fusion Propulsion
o High Energy Density Materials
e Antimatter Propulsion
o Advanced Fission
o Breakthrough Propulsion
SUPPORTING TECHNOLOGIES
o Engine Health Monitoring & Safety
o Propellant Storage & Transfer
o Materials & Manufacturing

Technologies
o Heat Rejection
o Power

e SPACE POWER &

A03 ENERGY STORAGE

Power GENERATION

Energy Harvesting

Chemical (Fuel Cells, Heat Engines)
Solar (Photo-Voltaic & Thermal)
Radioisotope

Fission

Fusion

ENERGY STORAGE

e Batteries

o Flywheels

o Regenerative Fuel Cells

Power MANAGEMENT &

DisTRIBUTION

¢ FDIR

e Management & Control

. Distri%ution & Transmission

Wireless Power Transmission
Conversion & Regulation
CRross CuTTING TECHNOLOGY
Analytical Tools

Green Energy Impact
Multi-functional Structures
Alternative Fuels

TAO4

* ROBOTICS,
TELE-ROBOTICS

° COMMUNICATION

TA05 & NAVIGATION

& AUTONOMOUS SYSTEMS

SENSING & PERCEPTION

Stereo Vision

LIDAR

Proximity Sensing

Sensing Non-Geometric Terrain
Properties

Estimating Terrain Mechanical
Properties

Tactile Sensing Arrays

Gravity Sensors & Celestial Nav.
Terrain Relative Navigation
Real-time Self-calibrating of
Hand-eye Systems

MosiLITY

oooooozoo.oo.oo.

Simultaneous Localiz. & Mapping
Hazard Detection Algorithms
Active [llumination

3-D Path Planning w/ Uncertainty
Long-life Extr. Enviro. Mechanisms
Robotic Jet Backpacks

Smart Tethers

Robot Swarms

Walking in Micro-g

ANIPULATION

Motion Planning Alg., High DOF
Sensing & Control

Robot Arms (light, high strength)
Dexterous Manipul., Robot Hands
Sensor Fusion for Grasping

Grasp Planning Algorithms
Robotic Drilling Mechanisms
Multi-arm / Finger Manipulation
Planning with Uncertainty

HUMAN-SYSTEMS INTEGRATION
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Crew Decision Support Systems
Immersive Visualization
Distributed Collaboration

Multi Agent Coordination

Haptic Displays

Displaying Range Data to Humans

UTONOMY

Spacecraft Control Systems
Vehicle Health, Prog/Diag Systems
Human Life Support Systems
Planning/Scheduling Resources
Operations

Integrated Systems Health
Management

FDIR & Diagnosis

System Monitoring & Prognosis
V&V of Complex Adaptive Sys’s
Automated Software Generation
Software Reliability

Semi Automatic Systems

UTON. RENDEZvous & DockING

Rendezvous and Capture

Low impact & Androgenous
Docking Systems & Interfaces
Relative Navigation Sensors

Robust AR&D GN&C Algorithms
& FSW

Onboard Mission Manager

AR&D Integration & Standardiz.n

RTA SvysTeEmMs ENGINEERING

Human safety

Refueling Interfaces & Assoc. Tools
Modular / Serviceable Interfaces
High Perf., Low Power Onboard
Computers

Environment Tolerance

Thermal Control

Robot-to-Suit Interfaces

Common Human-Robot Interfaces

Crew Self Sufficiency

OpTicAL CommM. & NAVIGATION

e Detector Development

o Large Apertures

o Lasers

o Acquisition & Tracking

e Atmospheric Mitigation

Rapbio FREQUENCY COMMUNICATIONS
o Spectrum Efficient Technologies

o Power Efficient Technologies

o Propagation

o Flight & Ground Systems

o Earth Launch & Reentry Comm.

e Antennas

INTERNETWORKING

o Disruptive Tolerant Networking

o Adaptive Network Topology

o Information Assurance

o Integrated Network Management
Position, NAvigaTION, AND TIMING
o Timekeeping

o Time Distribution

e Onboard Auto Navigation & Maneuver
o Sensors & Vision Processing Systems
o Relative & Proximity Navigation

e Auto Precision Formation Flying

e Auto Approach & Landing

|

Radio Systems

Ultra Wideband

Cognitive Networks

Science from the Comm. System
Hybrid Optical Comm. & Nav. Sensors
RF/Oprtical Hybrid Technology
RevoLuTionARY CONCEPTS

o X-Ray Navigation

o X-Ray Communications

o Neutrino-Based Navigation & Tracking
e Quantum Key Distribution

. uantum Communications

¢ SQIF Microwave Amplifier

o Reconfigurable Large Apertures

TAQG (resuprorra”

HABITATION SYSTEMS

ENviIRONMENTAL CoNTROL & LIFE

SuPPORT SYSTEMS & HABITATION Svs.

o Air Revitalization

o Water Recovery & Management

o Waste Management

o Habitation

EXTRAVEHICULAR ACTIVITY SYSTEMS
o Pressure Garment

e Portable Life Support System

o Power, Avionics and Software
HumaN HEALTH & PERFORMANCE
o Medical Diagnosis / Prognosis

e Long-Duration Health

o Behavioral Health & Performance
o Human Factors & Performance
ENVIRONMENTAL MONITORING, SAFETY
& EMERGENCY RESPONSE

o Sensors: Air, Water, Microbial, etc.
o  Fire: Detection, Suppression

o Protective Clothing / Breathing

o Remediation

RADIATION

o Risk Assessment Modeling
Radiation Mitigation

Protection Systems

Space Weather Prediction
Monitoring Technology

TAQ7 Exeuonanon

DESTINATION SYSTEMS

IN-Situ RESOURCE UTILIZATION

e Destination Reconnaissance,
Prospecting, & Mapping

e Resource Acquisition

o Consumables Production

o Manufacturing & Infrastructure
Emplacement

SUSTAINABILITY &

SUPPORTABILITY

o Logistics Systems

e Maintenance Systems

o Repair Systems

“ApvAaNCED” HUMAN MoBILITY

SvysTEMS

o EVA Mobility

o Surface Mobility

o  Off-Surface Mobility

“ADVANCED” HABITAT SYSTEMS

o Integrated Habitat Systems

e Habitat Evolution

MissioN OPERATIONS & SAFETY

o Crew Training

o Environmental Protection

e Remote Mission Operations

o Planetary Safety

CRross-CuTTING SYSTEMS

o  Modeling, Simulations &
Destination Characterization

o Construction & Assembly

e Dust Prevention & Mitigation

TA08 ¢ SCIENCE

OBSERVATORIES & SENSOR
SYSTEMS

INSTRUMENTS,

REMOTE SENSING INSTRUMENTS /

SENSORS

e Detectors & Focal Planes
Electronics

Optical Components
Microwave / Radio
Lasers

Cryogenic / Thermal

OBSERVATORIES

o Mirror Systems

e Structures & Antennas

o Distributed Aperture

IN-SiTU INSTRUMENTS / SENSOR
o Particles: Charged & Neutral

o Fields & Waves

e In-Situ

* ENTRY, DESCENT &

TAOg LANDING SYSTEMS

AEROASSIST & ATMOSPHERIC ENTRY
Rigid Thermal Protection Systems
Flexible Thermal Protection Systems
Rigid Hypersonic Decelerators
Deployable Hypersonic Decelerators
Instrumentation & Health Monitoring
Entry Modeling & Simulation
Descent
Attached Deployable Decelerators
Trailing Dcpﬁ)yablc Decelerators
Supersonic Retropropulsion
GN&C Sensors
Descent Modeling & Simulation
LANDING

Touchdown Systems

Egress & Deployment Systems

Propulsion Systems

Large Body GN&C

Small Body Systems

Landing Modeling & Simulation
EHICLE SYSTEMS TECHNOLOGY

Architecture Analyses

Separation Systems

System Integration & Analyses

Atmosphere & Surface Characterization

® 0 00 00 0 0 0o

TAT1 7w, weommmamion”

TECHNOLOGY & PROCESSING

TA1 3 I..IEURNOCUHND h

SYSTEMS PROCESSING

COMPUTING
¢ Flight Computing
¢ Ground Computing
MobELING
o Software Modeling & Model-Checking
e Integrated Hardware & Software Modeling
e Human-System Performance Modeling
e Science & Engineering Modeling
e Frameworks, Languages, Tools & Standards
SIMULATION
o Distributed Simulation
o Integrated System Lifecycle Simulation
o Simulation-Based Systems Engineering
¢ Simulation-Based Training &
Decision Support Systems
INFORMATION PROCESSING
o Science, Engineering & Mission Data
Lifecycle
Intelligent Data Understanding
Semantic Technologies
Collaborative Science & Engineering
Advanced Mission Systems

TA1 0 * NANOTECHNOLOGY

TA1 2  MATERIALS, STRUC-

TURES, MECHANICAL
SYSTEMS & MANUFACTURING

ENGINEERED MATERIALS & STRUCTURES
o Lightweight Structures

o Damage Tolerant Systems

o Coatings

o Adhesives

e 'Thermal Protection & Control
ENERGY GENERATION & STORAGE

o Energy Storage

o Energy Generation

ProruLsion

o Propellants

e Propulsion Components

o In-Space Propulsion

SENsSORs, ELEcTRONICS & DEVICES
e Sensors & Actuators

e Nanoelectronics

e Miniature Instruments

it

MATERIALS

o Lightweight Structure

o Computational Design

. Flcxilglc Material Systems

e Environment

o Special Materials

STRUCTURES

o Lightweight Concepts

o Design & Certification Methods

o Reliability & Sustainment

o Test Tools & Methods

o Innovative, Multifunctional Concepts

MECHANICAL SYSTEMS
Deployables, Docking and Interfaces
Mechanism Life Extension Systems

e Electro-mechanical, Mechanical &
Micromechanisms

o Design & Analysis Tools and Methods

o Reliability / Life Assessment / Health
Monitoring

o Certification Methods

MANUFACTURING

o Manufacturing Processes

o Intelligent Integrated Manufacturing and
Cyber Physical Systems

o  Electronics & Optics Manufacturing Process

o Sustainable Manufacturing

CRross-CuTTiNG

e Nondestructive Evaluation & Sensors

e Model-Based Certification &
Sustainment Methods

e Loads and Environments

Space Technology Roadmaps STR
TECHNOLOGY AREA BREAKDOWN STRUCTURE

TecHNOLOGIES TO OPTIMIZE THE

OpERATIONAL LIFE-CYCLE

e Storage, Distribution &
Conservation of Fluids

o Automated Alignment, Coupling,
& Assembly Systems

o Autonomous Command &
Control for Ground and Integrated
Vehicle/Ground Systems

ENVIRONMENTAL AND GREEN

TECHNOLOGIES

o Corrosion Prevention, Detection,
& Mitigation

o Environmental Remediation &
Site Restoration

o DPreservation of Natural Ecosystems

o Alternate Energy Prototypes

TECHNOLOGIES TO INCREASE RELI-

ABILITY AND MISSION AVAILABILITY

o Advanced Launch Technologies

o Environment-Hardened Materials
and Structures

o Inspection, Anomaly Detection
& Identification

o Fault Isolation and Diagnostics

e Prognostics Technologies

e Repair, Mitigation, and Recovery
Technologies

o Communications, Networking,
Timing & Telemetry

TECHNOLOGIES TO IMPROVE Mis-

sIoN SAFETY/MissioN Risk

o Range Tracking, Surveillance &
FligEt Safety Technologies

o Landing & Recovery Systems &
Components

o Weather Prediction and Mitigation

e Robotics / Telerobotics

o Safety Systems

TA14

SYSTEMS

CRYOGENIC SYSTEMS

o Passive Thermal Control

o  Active Thermal Control

o Integration & Modeling

THERMAL CONTROL SYSTEMS

o Heat Acquisition

o Heat Transfer

o Heat Rejection & Energy Storage

THERMAL PROTECTION SYSTEMS

o Entry/ Ascent TPS

¢ Plume Shiclding (Convective &
Radiative)

o Sensor Systems & Measurement

Technologies

* TABS

* THERMAL
MANAGEMENT

DRAFT

16



